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Experimental study on the effects of submicron ammonium sulfate particles  














The aim of this study was to determine the effects of submicron ammonium sulfate (AS) particles on 
komatsuna plants (Brassica rapa L. var. perviridis). First, I optimized a leaf washing technique to measure the 
amount of submicron AS particles deposited on the leaf surface of komatsuna plants. Second, I used the 
developed leaf washing technique to determine the retention time of submicron AS particles deposited on the 
leaf surface of komatsuna plants. Then, I investigated the effects of submicron AS particles with the mean size 
of approximately 300 nm on the growth, yield and leaf physiological characteristics of five cultivars of 
komatsuna plants.  
To determine the amount of submicron AS particles deposited on the leaf surface of komastuna plants   
(cv. Hakkei), detached leaf was washed with ultrapure water. Most of submicron AS particles deposited on the 
leaf surface were washed-off within 1 minute washing. On the other hand, ion leaching from the leaf was 
continuous during the leaf washing procedure. On the basis of these results, 1 minute is considered to be a 
suitable washing time to remove most of the submicron AS particles deposited on the leaf surface of komatsuna 
plants while minimizing the influence of ion leaching from the leaf interior of the plants.  
The amount of SO4
2−
 deposited on the leaf surface of komatsuna plants (cv. Hakkei) decreased over time. 
At 9 hours after the end of exposure to submicron AS particles (HAE), the particles observed on the leaf surface 
was spherical and smooth surface. These traits of the particles were similar to those of submicron AS particles 
deposited on an aluminum sheet. Furthermore, the X-ray spectrum analysis indicated that the particles on the 
leaf surface of the plants included sulfur compounds. Thus, this particle was regarded as submicron AS 
particles generated by the generator used in this study. Conversely, the X-ray spectrum from the particles at  
19 HAE indicated that the particles hardly included sulfur compounds, and its shape was not spherical. These 
results indicate that submicron AS particles deposited on the leaf surface were deliquesced and absorbed into 
the leaf interior of the plants. On the other hand, reduction trend of submicron AS particles deposited on the 
leaf surface of the plants did not differ significantly between light and dark conditions. Therefore, it can be 
concluded that the retention time of submicron AS particles deposited on the leaf surface of komatsuna plants is 
shorter than 19 hours irrespective of light conditions.  
The exposure to submicron AS particles significantly increased nocturnal leaf conductance to water vapor 
(gnight) on the adaxial and abaxial leaf surfaces of komatsuna plants (cv. Hakkei). On the other hand, there was 
no significant effect of submicron AS particles on cuticular conductance to water vapor of the plants. These 
results indicate that the increase of gnight by submicron AS particles deposited on the leaf surface of the plants 
was mainly attributed to increased water loss through the stomatal pores. The gnight of the AS particle-exposed 
plants was significantly higher at 1.5 and 5 HAE as compared to that of the control plants. Although the degree 
of the AS particle-induced increase of gnight became smaller with time, the gnight of the AS particle-exposed 
plants was higher than that of the control plants throughout the night period. These results indicate that the 
exposure to submicron AS particles enhances nocturnal water loss from the leaves of komatsuna plants.  
Five cultivars of komatsuna plants (Edo-no-komachi, Saori, Natsu-rakuten, Hakkei and Masami) were 
exposed to submicron AS particles with the average daily increase in the concentration of SO4
2−
 in PM2.5 
(PMSO4) of 22.5 µg m
−3
 for 16 days. Significant interactive effects of submicron AS particles and cultivars were 
detected for the leaf, shoot and whole-plant dry mass, and significant AS particle-induced reductions in the 
plant dry mass were detected only in Hakkei. These results indicate that the sensitivity to submicron AS 
particles of growth of komatsuna plants is different among the cultivars, and the growth of Hakkei is relatively 
sensitive to the particles as compared to the other four cultivars of the plants. In Hakkei, the exposure to 
submicron AS particles did not significantly affect leaf components, but significantly reduced daytime stomatal 
conductance to water vapor. Therefore, the AS particle-induced reduction in the leaf net carbon assimilation 
rate, which occurred as a result of daytime stomatal closure and diffusional limitation of CO 2 from the 
atmosphere to the leaf interior, is considered to be one of the reasons for the AS particle-induced reduction in 
the growth of Hakkei. Atmospheric PMSO4 concentration of 25–30 µg m
−3
 is relatively high as compared to the 
average daily value in Japan, but is within the realistic range in some areas of Japan facing the problem of 
transboundary air pollution from the Asian continent. In the other Asian countries (e.g. China), furthermore, the 
average daily atmospheric concentration of PMSO4 exceeds 30 µg m
−3
 when haze pollution event is occurred. 
Therefore, it can be concluded that the present atmospheric concentrations of submicron AS particles in Asia 
have already reached at the level in which the growth of leafy vegetables such as komatsuna are adversely 
affected. 
  
